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System and Method for a Compact Optical Receiver 
with Wide Dynamic Range 

BACKGROUND INFORMATION 

Field of the Invention 

The invention relates generally to the field of optical components, 
subsystems, systems, and more particularly to optical receivers. 
Description of Related Art 

Optical receivers continue to evolve in their designs by industrial 
trends, market opportunities and technological innovations. Cost 
reductions and dimension compactness serve as major driving forces in 
the design of optical systems after the fallout in the telecom industry. 
One key parameter in an optical receiver is the dynamic range in the 
level of the input light power signal. The electrical output signal is 
correlated to the intensity of the optical input signal where the intensity of 
the optical input signal can fluctuate in large in the input dynamic range. 

One conventional solution uses an avalanche diode (APD) and 
electrical transducers combination in an optical receiver. A shortcoming 
in this type of optical receiver that uses an APD is the limit in gain and 
sensitivity, which reduces the dynamic range of the optical receiver. 
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Accordingly, there is a need to design an optical receiver that is 
cost effective and optimized in size while producing a wider dynamic 
range and higher sensitivity. 

SUMMARY OF THE INVENTION 

The invention discloses an optical receiver comprising an erbium- 
doped fiber amplifier (EDFA) that is coupled to a PIN diode (or a 
photodiode) and transimpedance amplifier without filtering an output 
light signal in the EDFA. Optionally, a clock/data regenerator can be 
coupled to the electrical output of the transimpedance amplifier for 
compensating noise distortion and timing jitter without affecting the 
control loop which is fed back for adjusting the electrical current into a 
pump laser of an optical pre-amplifier. Furthermore, the optical receiver 
of the present invention can also be implemented in a transponder. In 
one embodiment, the optical receiver in the present invention produces 
a sensitivity of -29 dBm and a dynamic range of 33 dB at 10 gigabits per 
second (Gbps) built in Transponder MSA 300pins standard package (in 
comparison with APD best solutions a sensitivity of -26 dBm and a 
dynamic range of 21 dB). 

An optical receiver comprises an optical pre-amplifier for receiving 
an input light signal, the optical pre-amplifier employing no filters in the 
optical pre-amplifier; a PIN diode, coupled to the optical pre-amplifier, for 
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converting the input light signal into an electrical current signal; a 
transimpedance amplifier, coupled to the photodiode, for converting the 
electrical current signal to an output electrical voltage signal; and a 
control loop, coupled to the transimpedance amplifier, for adjusting the 
optical signal generated by the pre-amplifier relative to the electrical 
voltage signal generated by the transimpedance amplifier. 

Advantageously, the present invention reduces the cost 
significantly in the design of an optical receiver by eliminating carrier filter 
in the optical pre-amplifier. 

Other structures and methods are disclosed in the detailed 
description below. This summary does not purport to define the invention. 
The invention is defined by the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts a structural diagram illustrating a first embodiment of 
an optical receiver without employing carrier filter in accordance with 
the present invention. 

FIG. 2A depicts a structural diagram illustrating a second 
embodiment of an optical receiver working in backward pumping mode 
without employing carrier filter but with isolators in accordance with the 
present invention. 
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FIG. 2B depicts a structural diagram illustrating a third embodiment 
of an optical receiver in forward pumping mode without employing 
carrier filter but with isolators in accordance with the present invention. 

FIG. 3 depicts a structural diagram illustrating a fourth embodiment 
of an optical receiver without employing carrier filter with an alternative 
control loop in accordance with the present invention. 

FIG. 4 depicts an architectural diagram illustrating the optical 
receiver implemented in a lOGb/s 300pins MSA transponder in 
accordance with the present invention. 

FIG. 5 depicts a flow diagram illustrating operational steps in the 
optical receiver without employing filters in accordance with the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

FIG. 1 depicts a structural diagram illustrating a first embodiment of 
an optical receiver 100 without employing filters. The optical receiver 
1 00 comprises an optical preamplifier 1 20 for receiving a light signal 1 1 0 K 
a PIN diode (or a photodiode) 130, a transimpedance amplifier (TIA) 140 
for generating an output electrical voltage 1 70. The output voltage 1 70 is 
fed back to the pre-amplifier 120 by a peak or average detector 150 and 
an automatic gain controller (AGC) 160. 
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The pre-amplifier 120 represents a gain medium for amplifying the 
incoming light X 1 10 in the order of approximately 30dB to OdB. The 
optical pre-amplifier 120 comprises an erbium-doped fiber (EDF) 122 that 
is coupled to a 980nm pump laser 126 through an optical multiplexer 
(mux) 124. As the electrical current in the pump laser 126 is increased, the 
gain of the pre-amplifier 120 increases. As the electrical current in the 
pump laser 126 is decreased, the gain of the pre-amplifier 120 decreases. 

On either sides of the EDF 122, there are no carrier filter (optionally, 
just isolators in order to reject the 980nm pump power and avoid optical 
reflection in the amplifier mean). A carrier filter typically is used to filter out 
the spontaneous noise (ASE) injected into the PIN diodel30. However, 
the utilization of such a filter in an optical receiver typically adds costs as 
well as increasing the dimensions in an optical receiver. The elimination 
of this carrier filter reduces the cost in building an optical receiver, while 
reducing the size of the optical receiver. 

The PIN diode 130 receives the amplified light signal X 1 10 from pre- 
amplifier 120 and converts it into an electrical current signal. The TIA 140 
converts the electrical current received from the PIN diode 130 into an 
electrical voltage signal 1 70. 

On a feedback or control loop 145, the peak or average detector 
150 determines the peak or average value of the electrical voltage signal 
170 and generating the electrical voltage signal 170 to the automatic 
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gain controller 1 60. The automatic gain controller 1 60 produces a control 
voltage for the pump laser 126 based on the input voltage received that 
corresponds to a predetermined control characteristic. An objective of 
the control loop 145 is to keep the PIN input light signal constant by 
feeding back the output electrical voltage 1 70 and correlating the output 
electrical voltage 170 to the input light power of the pre-amplifier 120, 
thereby allowing the gain to be adjusted in accordance with the 
dynamic range required for a particular application. For example, the 
input signal X 1 10 has a dynamic range of -30dBm to +4 dBm, with a 
particular input power entering the input of the PIN 130. The control loop 
145 will keep the PIN input light signal constant by feeding back and 
correlating the output electrical voltage 170 to the input light power of 
the pre-amplifier 120. If the intensity of the light signal 110 propagating 
through the PIN diode 130 is too strong, the automatic gain controller 160 
reduces the electrical current at the pump laser 126. However, if the 
intensity of the light signal 110 propagating through the PIN diode 130 is 
too dimmed, the automatic gain controller 160 increases the electrical 
current at the pump laser 126. 

In FIG. 2A, there is shown a structural diagram 200 illustrating a 
second embodiment of an optical receiver in backward pumping mode 
without employing carrier filter but with isolators 210 and 220. The isolators 
210 and 220 are used in order to reject the pump power (e.g. 980nm) 
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generated by the pump laser 126 outside the EDF 122 and to avoid 
optical retlection in the amplifier mean. In one embodiment, the pre- 
amplifier 120 receives an input signal A. 1 10 at the transmission rate of 10 
Gpbs. The PIN diode 130 can detect a signal carrying 1550nm or 980 nm 
wavelength. The first isolator 210 rejects the pump power effect 
generated by the pump laser 126 from exiting through the input 1 10 in 
causing disturbance outside the optical receiver (or transponder) 200. 
The second isolator 220 rejects the unwanted signal, e.g. 980 nm, from 
entering the PIN diode 130. When the optical receiver 200 is in backward 
pumping mode, the input light power from the input light signal X 1 10 and 
pump light power from the pump laser 126 propagate in contrary 
direction. While the pump light power from the power laser 126 travels 
northward and then westward toward the erbium fiber 122, the input light 
power from the input light signal X 1 10 travels eastward toward the erbium 
fiber 122. In this configuration, the erbium fiber 122 is placed on the left 
side relative to the pump light power from the pump laser 126 that passes 
through the mux 1 24. 

In FIG. 2B, there is shown a structural diagram illustrating a third 
embodiment of an optical receiver in a forward pumping mode without 
employing carrier filter but with isolators. When the optical receiver 200 is 
in forward pumping mode, the input light power from the input light signal 
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\ 1 10 and pump light power from the pump laser 126 propagate in same 
direction. While the pump light power from the power laser 126 travels 
northward and then eastward toward an erbium fiber 230, the input light 
power from the input light signal k 1 10 travels eastward toward the erbium 
fiber 230. In this configuration, the erbium fiber 230 is placed on the right 
side relative to the pump light power from the pump laser 126 that passes 
through the mux 124. 

Furthermore, a fourth embodiment is shown in FIG. 3 that depicts a 
structural diagram 300 of an optical receiver without employing filters 
with an alternative control loop. A clock/data regenerator (CDR) 310 is 
coupled to the electrical output 170 and the transimpedance amplifier 
140, and the control loop, i.e. the peak or average detector 150 and the 
automatic gain controller 160 for pre- and post-compensation for 
distortion and timing jitter, which ensure accurate regeneration of the 
output electrical voltage signal through the pump laser 126. 

FIG. 4 depicts an architectural diagram illustrating the optical 
receiver implemented in a transponder 400. The transponder 400 
comprises a controller 410 coupled commonly to a transmitter 405 and a 
receiver 415, where the transmitter 405 having an electronic multiplexer 
(mux) 430 coupling to a driver 435 and a LiNb03 modulator 470, and 
where the receiver 415 having an optical amplifier (OPA) PIN receiver 420 
coupling to an electronic demultiplexer (demux) 440. On the receiving 
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side, the OPA PIN receiver 420 receives an input through an Rx Pin 450, 
coupling and propagating through the demux 440, and generating an 
output to a RxDoutO pin 455. The Rx Pin 450 is further coupled to a 
coupler 480 and a power detector 485 in which a substantial amount of 
light power, e.g. 95%, flows in the direction of a thick arrow 481 to the 
isolator 210, while a small amount of light power, e.g. 5%, flows in the 
direction of a thin arrow 482 though the coupler 480 and the power 
detector 485. On the transmit side, the transmitter 405 receives an input 
through a Tx Pin 460, coupling and propagating through the LiNb03 
modulator 470, and generating an output to a Tx Pout pin 465. The OPA 
PIN receiver 420 can be implemented with the optical receiver 100 as 
described in the first embodiment, the optical receiver 200 as described in 
the second embodiment, or the optical receiver 300 as described in the 
third embodiment. 

FIG. 5 depicts a flow diagram 500 illustrating the first embodiment of 
the optical receiver without employing filters in accordance with the 
present invention. At step 510, the optical pre-amplifier 120 receives the 
input light signal X 1 10 without the use of filtering in the operating optical 
bandwidth and generating an optical signal without the use of carrier 
filtering. At step 520, the PIN diode 130 converts the input light signal 1 10 
into an electrical current signal. At step 530, the transimpedance 
amplifier 140 amplifies the electrical current signal and converts the 
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electrical current signal to an electrical voltage signal 1 70. At step 540, in 
response to the output electrical voltage signal, the level detector 150 
generates a level signal output relative to the peak or average value of 
the amplified output electrical voltage signal. At step 550, in response to 
the level signal output, the automatic gain controller 160 generates a 
control voltage signal for controlling the level of optical amplification by 
adjusting the pump laser 126. 

The present invention is applicable to long-haul networks and ultra- 
long-haul networks, as well as metropolitan and regional applications and 
local networks. The structures, architecture and method are also 
applicable to a transmission rate of 10 Gbps, 40 Gbps and beyond. 

Those skilled in the art can now appreciate from the foregoing 
description that the broad techniques of the embodiments of the present 
invention can be implemented in a variety of forms. For example, one of 
ordinary skill in the art should recognize that the EDFA can be 
implemented with other optical amplifier technologies, such as a 
semiconductor optical amplifier (SOA). Therefore, while the 
embodiments of this invention have been described in connection with 
particular examples thereof, the true scope of the embodiments of the 
invention should not be so limited since other modifications, whether 
explicitly provided for by the specification or implied by the specification, 
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will become apparent to the skilled practitioner upon a study of the 
drawings, specification, and following claims. 
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